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Abstract

A novel anaerobic, thermophilic hydrogen producing strain G1512, was
isolated from cellulolytic enrichment cultures inoculated with green iguana
feces. Bacterial community analysis with PCR-DGGE of this enrichment
cultures, and main was Clostridium sp. Phylogenetic analysis of 16S rRNA
gene sequence of the isolate showed that strain G1512 was closely related
to Clostridium thermopalmarium and Clostridium thermobutyricum. Cells
of this isolate were Gram-positive, endspore-forming, rod-shaped and
formed cream whitish colonies surround with bubbles on agar. Growth of
the isolate occurs in the range of 45-65°C and pH 6-9. The optimum growth
temperature was 55°C, pH was 7.01 and glucose concentration at 5 g/I.
When growth in optimal conditions the hydrogen yield of strain G1512 was
0.88 mol H,/mol substrate. Yeast extract was necessary for growth.
Micrographs of Clostridium sp. GI512 showed inclusion body-like
structure in stationary-phase cells and was determined as long-chain
polyhydroxyalkanoate analysed by gas chromatograph. Growth of GI1512
was inhibited by ampicillin, kanamycin, penicillin, polymyxin B and
vancomycin. This strain could ferments arabinose, glucose, lactose, xylose and
cellobiose, but not cellulose, glycerol, urea and xylan. In the fermentation of
carbohydrates, butyrate, H, and CO, were the main end products, with small

amount of acetate and lactate.

Keywords: hydrogen fermentation, green iguana, thermophilic anaerobe, Clostridium.
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Table 2-1 Fermentative hydrogen production for Clostridium class

Inoculum Substrate Maximum hydrogen yield References
Clostridium acetobutylicum Glucose 2.0 mol/mol glucose Chinetal., 2003
Clostridium acetobutylicum ATCC 824  Glucose 1.08 mol/mol glucose Zhang et al., 2006
Clostridium acetobutyricum M121 Glucose 2.29 mol/mol glucose Lin et al., 2007
Clostridium beijerinckii L9 Glucose 2.81 mol/mol glucose Lin et al., 2007
Clostridium butyricum CGS5 Xylose 0.73 mol/mol xylose Lo et al., 2008
Clostridium butyricum CGS2 Starch 9.95 mmol/g COD Chen et al., 2007
Clostridium butyricum EB6 POME 3.2 L/L med Chong et al., 2009
Clostridium butyricum ATCC19398 Glucose 1.8 mol/mol glucose Lin et al., 2007
Clostridium butyricum TISTR 1032 Sugarcane bagasse  9.61 mmol/g total sugar Pattra et al., 2008
Clostridium pasteurianum CH4 Sucrose 2.07 mol/mol hexose Lo etal., 2008
Clostridium paraputrificum M-21 Chitinous wastes 2.2 mol/mol substrate Evvyernie et al., 2001
Clostridium thermocellum 27405 Cellulosic biomass 2.3 mol/mol glucose Levin et al., 2006
Clostridium thermolacticum Lactose 3.0 mol/mol lactose Collet et al., 2004
Clostridium tyrobutyricum FYal02 Glucose 1.47 mol/mol glucose Lin et al., 2007
Clostridium sp. strain no. 2 Cellulose 0.3 mol/mol glucose Taguchi et al., 1996
Clostridium sp. Fanp2 Glucose 0.2 mol/L medium Pan et al., 2008




2.3.3 Clostridium & & ##]¢r B 15

Clostridium fFjth 2 & #5415 ¥ BB ™ & fRAFfe g 7 o4 T =
LAAT 0 LRE N ICiEARS- A o frF ) L iERA-Fig.2-1 A L B
BT A EERA SRR EY o 5L [a] ERERE k2 (Hydrolysis,
D) AFse S enART SR EF (Wi Pt 3d FE) 2 2EMA T o
s mEps (Fermentation, 11) & 3 A+ £ en) W28 &% > [b] ~
I ALY A BREATY - S ERS L FEmK o R
( Acetogenesis, 111 )2 [C]ﬁiﬁ e e 4 4= %% #( Acetogens and homoacetogens )

eFRREFHC§ PREARRGTEF B £ 22 [d] o E 0 R

k)
S

A5 3 F & 4 i¥* (Syntrophic associations) 12 2 & & [e] F;—{ BT %
{77 = v (Methanogenesis, IV) 254 = ¥ it g#22 @ 2= (Angenent et al.,

2004 ) -

POLYMERS

Proteins, polysaccharides, lipids
| v [a]

MONOMERS & OLIGOMERS

amino acids, sugars, fatty acids
v [a]

1] INTERMEDIATES

[ Propionate, butyrate, alcohols

a]

Acetate

CH, + CO, [e]

Figure 2-1 Intricate food web of methanogenic anaerobic digestion. Several
trophic groups of microorganisms work together to convert complex organic
material into methane and carbon dioxide.
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U E M S BRR A  4F + Clostridium 5 b A 5 e 1 4oFig. 22 %
Toed RS VR EFELFRERBEF 5 2 LIEMPR T
( Embden-Meyerhof-Parnas pathway ) » @427 3k § 5 42,2 5 &4 F 5

A=

i (Pyruvate) 22NADH » ‘&d & i iZ% (Hydrogenase) &4 % iR R iF
* (ferredoxin) #2cd § - AP FF e A3 BRREEPM AT TR -
FNADHR A RIERF B AU " B /L > &7 A8 MK, 7

Acetyl-CoA” x4 % 4 & 7 a2 coButyryl-CoARs ¢ Jj 42 #-NADH » ¥ %
Wit RBREEET AL S A F T F 0 2 F 4w Acetyl-phosphate ] # i

ENADH » A2 m A% 5 § » BF fuber2:2
CeH;,04 + 2H,0 — 2CH;COOH + 4H, + 2H,0
CeH1,04 + 2H,0 — C3H,COOH + 2H, + 2C0, (2-2)

’F;l:}j%‘ll_} FF 5\" 9&'€H;Z é%ﬁ_/&}iﬂb B 9: %ﬁiﬁﬁé,?f_‘_ ’ '$
AFTERAZCIPHAE L # FH %

®ed § A€ €% Mo R %5 Ferredoxin € 7
& ENADH F pitam &4 ¢ fEa 2L4 § & 3 ¥p(Ohetal, 2002) -
J

1) B3 ﬁ%g 4 Bl Z:";’
i F AR K EE Mee (Caietal,2011) - TR S iF B R

i
TR SN LR ¥ X R I AL Ll e L

¢h7 fR 2w Sg4 B (Lee etal., 2008)

v

Clostridium# & Fth4 £ % 5 ¢ B2 FH > @ 2 IR T
4

SR PP EBSEEAL S 2 et R A S

3%

ERd g et BALBRR SRS E L RAL AT (5,2007)
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Glucose

) ATP
Hexokinase
ADP

Glucose 6-phosphate

Phosphohexose 1
isomerase

Fructose 6-phosphate

ATP
Phosphofructokinase-1
ADP

Fructose 1,6-phosphate
Aldolasei

Glyceraldehyde 3-phosphate
+

Dihydroxyacetone phosphate
Triose
Phosphate
iosmerase
(2) Glyceraldehyde 3-phosphate

NADH:Fd
JNAD+ Oxidoreductase
Glyceraldehyde oxidized ferredoxin 2H*

3-phosphate . (Fdox)
dehydrogenase e

e Hydrogenase
2NADH reduced ferredoxin H,
(Fdred)
(2) 1,3-Bisphosphoglycerate
Phosphoglycerate 2ADP
kinase 2ATP
(2) 3-Phosphoglycerate

Phosphoglycerate
mutase

(2) 2-Phosphoglycerate

Enolase &»
H,0

[ 1] (2) Phosphoenolpyruvate

Pyruvate 2ADP
kinase 2ATP

(2) Pyruvate

Formate CoA

NAD*
C o’

NADH

Formate
dehydrogenase

[2]

pyruvate
Formate
lyase

Pyruvate ferredoxin
oxidoreductase

Fdox 2K

e” Hydrogenase
co, ydrog

Fdred H.
CO,
2H* (2) Acetly-CoA

Fdox
< a' Formate
hydrogen lyase
Fdred ydrog Y

2

Figure 2-2 Hydrogen formation pathways in anaerobes.[ 1 ]Formate pathway in
E. coli; and [2] Ferrodoxin pathway in Clostridium sp. (Cai etal., 2011) .
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24 M ¥ EXH A
241 &3¢+ % (FF,2004)

A o agigp 2 it o S WY A AR (RS 3RS ks
BLR) R (B S S ) B A GER CPHEF §) 2
LA i s PR s RS2 RFEIR - B s ooy
NERRPmEEE P LA i B A Piieie i R
RESMER B HEF SAANE F PO R BT
FLDE AP S L RS R A AP AP TR BFoH &7
7‘}5\“3@(/’7\);’{]]'15{ 1%@*;, %ﬁ»%«/\% 4 dmPe P qu G\*&‘F’f"r\v W }E’-,a}»rl{ﬂi' 4 4—;»*2‘1%4.
HEEFET R x & 5 ¢ i (Archaea) & ' (Bacteria) - + 4 4
PRAFEFR s ARSE I N wRL B REPERAET S
ﬁﬁéﬁﬁiﬁi%%ﬁ°”%ﬁ@ﬁ@%ﬁﬁ%ﬁ%ﬁ%’ﬁw*iﬁ

AT FA A e chER S F o e IR A s O R B DB R # ,

N

v el 2 2 G fa At A ARUTEES S 5 2 B :sﬁ#fma
e s 0 2 & 3R A (lsoprenoid) il de S i 20 B K 4Bp R+ i
dh o RlGAE ST AR TR S S BRRBHER B MR R T LR gy
iR RE (FRLBE)-

AR IS ARDRDAREET A
e p AR 9% A Fivmizd A 13 N F kA &k (Wayne et al.,
1987; Ward et al., 1992; Amann et al., 1995) > < RS L St e Bt g 22
BB e gt o AP A £ 8 3 < (Amannetal., 1995) 0 &
BEFA DA CEEOET o Y TR E A T A S E e A P A
FRARE O PRI F LR X e # & DNA ~ RNA £ §v otk
e L P o MG EE AT R R pAple AR L > ficd P4 5F ¢ F Bergey's
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Manual # 7= # 5| & 5 % 3o 451537 5 e F IFEE A IF R 600 fR 5 B3 A 4
FHEREAERLRG R A F RIS EESA PR A LR
HBRER A i F AR A Fhad gy F R DA HoF it cn 4 o
FlAt A G B E A e & ik 35 (Woese, 1987) o

Ped g g F A A4 R AP Y DNA Rfi2 P 454 &
WALy T AP TS > A P BN R RIRE 5 b
¥ % pE ik (Ribosomal ribonucleic acid; rRNA) » & 5 # i si— &
(Universial distribution) ~ & & %= {+ (High conservation) ¥ j# it & &
BAAEG R LR RRE A AP A2 PPN T 5T IRNA

G MA PR AR ED AN AT PEHY AR R B2

-

%W1$£ﬁ$$ﬂw,afﬁﬁ&gwpﬁ Tz piE s Fe 7V

&

R TA 7] TG M T et ¥ B PR e PpER A
~ =t ¥ = (Large subunit) ¥ -] =t =~ (Small subunit) » % ’mre #&:F:ig @
MALEES o FenE B For, S 4 pmed 2REEEFOw R R4 P
PipER Y e e £ 602000 0 B A H A & § B4 fER TS AP
it = & 5S rRNA (about 120 bp) 2 23S rRNA (about 3.0 kbp) > | = ¥ &
Al % 21 #8 39 % £ 16S rRNA(about 1.5 kbp ) #7 % = (Olsen et al., 1986 ) -
@,I%pzn%;ﬁi B ARyttt 5S IRNA £ & + &>
AR A S RESBNAL A K A 23S IRNA L B A 7L » 4 1<
PR S A Barit & fgF o b e g (Gutell etal., 1993 ) 16S rRNA
B ERGED P HFHRB R LIF NS I EE 2 kG
(Ludwig and Schleifer, 1994 )- = 16S rRNA ‘.%;.kfﬁc‘ S A T e el
Universal ¥ E<¥7 % 8 |+ Variable % <> 5 & 3 2 e 51 F k2 mid

B -
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2.4.2 PCR-DGGE

i3 @ 45 &3 Bk (Genetic fingerprinting techniques ) & * >t 483t ic 4
A

HEBHE R A Jlr T N RABT f TF DNA 3 5
s

Rk PRI MY T SRR BRI RS BRI
2R 2 DNAAFZTZ4 £ 8, ;ﬁl/ % A e A 2 kRz DNA(HiIll et al.,

2000 )- % 4~ & " %8 7/~ ( Denaturing gradient gel electrophoresis; DGGE )
Hoer % 41979 = ’F} td Fischer &2 Lerman & f# M x4 B > 2 @24 ™

EEHF AER " (Muyzeretal, 1993) - @ DGGE #7x Bl iv 43 &
ROFHAFETS 1%%-£8 > %P E- 2% (Band) ©2b% > 4
- Ak AL ERVCHAZIERT 0 REFELFI FAAR
BT L g H ot pEZ 51 0 4 F 2zt ¢ OTUs( operational taxonomic units )
A OTU G AE-REFARF A4 Ryp iy U2 i ?
E g €358 (weight algorithm » 1335 2 4 JiRer F4kse 2 0 10 &4
ok RAd HRABI DL EFELE) o BF L HEERE2 BB RR
o B4y 4] DNA sample /2 » £ { 7 d &3 R X K42 Ak e § 2R >
TSR P ARARB Y A R & T2, (Bertoldi et al., 1983;
Fermor etal., 1985) -

FRPRBMTARTAT D F AF IR & AL 8 DNA
# {7 PCR ¥ B 4fH > ot PP — 4513 Témj H30—-50 I G & Cik e
GC-clamp K3+ 8% a3tk M HER F B % DNA cd PR T
= >fEF 5 H% DNA - @& T A f3474 4 T ' o (Lowe et al., 2002; Muyzer
and Smalla, 1998) - # DGGE ¢ 7« % ¢nPCR A 4 ® # - i & 44w ] 16S
DNA % £ % (Variable) V3-V5 % 3 B i2 {7 PCR» & iRt T 38 %
PRER RFIFAIREGEAREE FROLE > E2 v‘},?%#g drig o#
BPVIVE FREF P EBHARRH AT L6 T3 FHREY MK
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4 FEF A F 2.2 3 (Yuand Morrison, 2004 ) - d % DGGE Hjis= P13t 4%
Ao B R B ] (Beif 5 500-700 bp ) ¥4t B+ & A ¥4 ¢ 58 DNA »
He ¢ 3 B0 EPRAFI LS T dob i~ 8 < ¢ 7 23S IDNA
MRNA % > FERAFPHRTERIF T2 A2 BFabE > Hahztp %
R EE > @R EFERRT AL R R T AR i * k¢ PCR
(Nested-PCR) #jiF» k- AP r 3+ (AP aFp )
{7 % - % PCRoZ #pt P EJFM A 1 P2 B33 2% - = PCR »
PR T AR o R O T R R

4F o

B P EAFE Y LAtk DNA P EFH I ApR £ R A7 VR B
P PCRAS A FEWHRD T T AEARY BRIl FREER PR
BRAREF A Ra RSP AEFR B o f1iF DGGE % & PFie » i
P AEiRE A @ DNA de AR & %A (1217 ) DNA gns
WIRGAALT 2Ry aaags GECLRFy =Histn A1 54
A AR ATE CC R =8 ~#E 23R FEFERLDNAE R
LAFER A AR > B R ARPET ERD ﬁ fg% (Polyacrylamide ) "} %825 = 2_
%#*ﬁﬁ%ﬂ&%%’ﬂmﬁﬁiﬁp%iwk LRSPEREILE S
TAPERR R L 8 LB o % DGGE HRIRA A FHEF L F %Kk (716
222 o 85T R, Wl4e Fig. 2-3
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'

Environmental Sample ] —{ Band elution

A 4 A 4
Extraction DNA ] [ Sequencing
A 4 < A 4
Nested-PCR [ NCBI Blast
A 4 \ A 4
DGGE [ Phylogenetic tree

Low Double-strand DNA  GC-clamp 5
o N\
c c |
s|s& | _
S| g _—
L c
e | €
|2
| & \l:
o |0 _
High Single-strand DNA AT rich

Figure 2-3 Principle of denaturing gradient gel electrophoresis.
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LIES S CE -
3.1 R ALK

AT AT s %Y (lguana iguana) 2o £ i # #cd & 0 FH
VA EORRE A IR R ES - I RE R E BT
(Hungate roll tube technique ) = #* j& ¥ @ R A » = » g - %%F‘FI* A
R FE A EA RS R SRR R AT AP RN R

TG G o AFT T 2P S in 2B 4o Fig. 3-1 -
3.2 FjfE kiR

AFFZ TR AN 3 £ W2 A Wi —F g W2 § TRiE
ﬁ%%’éﬁﬁﬂﬁ%wﬁﬁmﬁi%%#&mﬁgg%@,uﬁ%@ﬁ
A A% 8 kiR & 2 52 EHE (Burghardt, 2004) - AT 7 F 7 R E
SRE- BRI THR A BT - FaF R A KRBT R L HE -8
£ 505 % 200mlRF i FHE 0 4 90 Ml E BERT £ & A g 10g i
g gt a-cellulose (Sigma, USA)5 g/l i % sk > »t % 18 (55°C)

RF AR AR EREE A AMA 100 v oG A

ey

piul
W

GUES TP Sy S ET) e

~‘.
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Hydrogen production
Strain G1512

v

A

iR

4 N\
1 B A PR AT -
R N
ki 44 4% DNA 55
AR s \ v J
e
SN Nest PCR
<+
16s IDNA % B 7 5
DGGE || + /
o N\
= ::"
A | T A 45
9 Ry
B Genebank-NCBI +* 4
T J
v N\
[ R AT
NN 94
4 EANME =Y e \4_
B R ][ pH
Catalase B3
3 A B
Yeast extract ~ Peptone 1| # B :#
Pk R R 4
e R R
ETea S

Figure 3-1 Flowchart of experimental design.
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33 P AaBHi
331 % § %2

AFTE i * Hungate %'z ¥ % 2 (Hungate, 1969; Bryant, 1972) 2% * 4.
%%ﬁﬁi%i%Hﬁ%ﬁi%%%ﬁ?%ﬁﬁ%ﬁ%@i%%,ﬁ%%
HEFEAoFIQ 320 e ¢ f- ¢ 2RI F o TN RS
FAfi4cf I 250-270°C o @ * B F RAH T S LB E LR R TR R

FhE T FBRY FHGBRIRT AR E LRI D

ALY A G F F A EE R (9 250°C) M SRR s,
§igy o ETIF MBS CETAF S F ST (31

2Cu + 0, - 2Cu0

CuO + H, -» Cu+ H,0 (3-1)

©)
©)
©)
©)
G

D DD

20%C0O

2

g

Figure 3-2 Schematic diagram of Hungate gas station.
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332 RinAA

AT R EEHLL Fg #RE F % A (Thermophilic anaerobic
medium; TAmedium) (Huangetal.,1988) > sz % A @& > ;8 5 : KA %
BAass &m0k s 4 CaCly- 2H,0-0.05 g~ MgCl, - 6H,0-0.1 g ~
(NH4)CI>1.0 g~K,HPO,4°0.4 g~resazurin-0.0005 g 14 % trace element solution -
1.0ml - # ¥ trace element solution #& % ;3 7% = & 5 & &2 2 g3 k@ L4
» 37 9%HCI>1.0ml~Na,EDTA- 059 # a3 s ML e » B k52 4
@ %5 : CoCl, > 0.05 g~ CuCl,» 0.03g~FeCl, > 2.0g~MnCl,>0.05 g~ NiCl, »
0.059 ~2ZnCl,» 0.05g ~ AICl; » 0.05g ~ H;BO; » 0.05 g ~ Na,SeO; » 0.1 g &
(NH;)6M07054 > 0.05 g e 4e » b i &4 T 2 (53 FIRERL N TR & F £
e L CO, (20%) /Ny # #8542 4r % 60°C 4e » b = 4 5 & 2 32|k &
7z L-cysteine> 059 * R Rz & L1 2 NaHCO; > 3.9 g 3 vk & o p pF

TR A

“,&.r

Jpdvets Resazurin dp R E i d - FR2BHF 515§ %
454~ Hungate Féfg RE o AT R REH R M E R AR
Fie ML FIRE 2 P o 78RR F (121°C - 1.2kg/cm3 » 30

&
|

) o F M- MR AR o MPFR RS D] 30 A4 F ook B A
+ i 4 A F (Wiegel et al., 2006) - = Ffé 4e » @ RF & F/dZeic =
A Em R NagS-9H,000. 25 g 5 B Rl 2 3§ § s E § & = 4~ (yeast
extract> 1. 0 g~peptone- 1. 0 g ¥ vitamin solution>10ml )> ® vitamin solution
BEH AR L FE A2 @S-k e 7 Biotin o 2.0 mg ~ Riboflavin » 5.0 mg ~
Vitamin B12 » (. 1 mg ~ DL-Ca-pantothenate > 5. 0 mg ~ Pyridoxine-HCI - 10. 0
mg ~ Thiamine-HCI > 5. 0 mg ~ Folic acid » 2. 0 mg ~ Lipoic acid > 5.0 mg ~
Nicotinic acid > 5. 0 mg ¥* P-aminobenzoic acid > 5.0 mg » Flia# &3 /% % @t

BEARF R T 022um 3t 1;_1/%1"3—@1/%1"[]3]?‘] EAHA L B Xtz 10% -
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333 FjikA %

AFT R F R s aJZ (Heat-shock treatment ) £ ik ¥ % & (roll-tube )
# 7 (Hungate, 1696 ) 4 3pfEfs A & #fF - FHEAEET B A ARLR
F oo o FhEoRAeA s FY R R A 100°Cts 5450 ~ 10 ~ 3022604 48 >
EEEKRY PRRAITAR S A - Sk * =4p £ B Hcst (Phase contrast
microscope ) BLE FRA M BT T A2 F2 0 X ABE R AT AT %

AR R 2FHIT RFT AR FRS ARSI .

M R AR AL IS 1 A 2 B s B KR #® ¥ Hungate/iR ¥ iR
Paes BE - FE o W REAATAR LR 5425 g/l 7g (Agar) W# =
Ffes & & 0 B TR AR F A ARk B 2 I60°CH mhk i > 12 g/l
FEBripn c 3plnaRiiEr Brixlf10%: T - L3
RS Eiai S SRR PEIEREE REELS Rl Spi S SV E: R F
MR EBETRA) Pk B R 9304 0 o pEe BB HER £ AR
SV ;é] & ?,jé,"s:“?zﬁsﬁf’\ RE i’p_i“%““55°Ci‘“%fﬂ o ,a‘rﬁ—]/zﬂ =R
B3 90 F i 4 & [APasteur pipet (Kimble & Chase, New Jersey ) #3 £ w
BN R R A AR B A L > BNBRCT R A o b
W REAEH IR AR IRRE B R FCOZ § FREF AR

§ G (rResazurindg m A 5 & 4 1% 5 H|9ridy ) o SIEEPEH AT E
FERZANM I IEFRAKRSE  FHRBS UHERERZANT A 175 A
P pE-AT R FRY - 5GI512 0 it

,-fj;ﬁpgz o
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34 A4 2
3.4.1 4 ;& (Physiological characterization)

3.4.1.1 AE% (Morphology)

RHEF g AR 2wl ¥ kg ics (Model CX21, Olympus,
Japan) £ i=4p £ & it (Model BX53, Olympus, Japan) o sk £ &g picds i@ #
W BAE UL AR RREE 2 (IR RS B o P

ARACE R FORBRFAPERE Y 2 T TR ERW > 5 it

EMLFTEHF O PAF A RBEL R PP G RS AR ERIER X
BLERSRE AL > BRg e BERRH aR L3 peS e
BE T ERERG 7 AR B e g2 B (AR A R
§ ) FEE vt 159/l Agar F Tt Jldp R o

3412 78§ 3 Bacs (Transmission electron microscopy; TEM )

RF MR HRED L BB R D RS £ D2 FIROF DR
4 (Formvar film/Carbon-coated copper net) * - # ¥ 6 4~ 45 Fff ik »
PR AP SRR o MEISF Y 6 Joprpidd (Uranyl acetate) f %4 10
Fio rped f ARG AV F R REF  HVRR B E G R E
TR BRI T A > R A AL R RARAF AR TS
4T+ Bkse (JEM-1200CX 11, JOEL, Japan) gLz o
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3413 ®E <% ¢ (Gramstaining)

I d Fpcd pgu 4 ¢ 2 (Differential staining) & & = % 2

- R BB BT A LS A HE TR < B (Gram-positive;
T E% ) B F (Gram-negative; % Lz d )o@ * % B4 2

i (Gram stain kits & Reagents; Difco; USA) &7 mre 4 & » #32 % T ¥
Bt W2 FREHEERS ) ) AR SRR LS R % (Crystal
violet) & & i % BFFRGE S LFIARRGHE S mEEpAF Y 0 2
fe i ¢ A (Acetone: Isopropanol = 1: 3) % » ¢ PR A E = o fe BERL K
B AR e N3] e BEE B PG BT *1‘]& S RAFEPRFEZRFIR A
HFRIARF o Bis i * 0§ = (Safranin) % ¢ PERIG 2 S F I ERE

Lz LR o
3414 x5 % ¢ (Capsulestaining)

TG AR F KBRS T A& F et BT R

ﬁﬁé%%@%ﬁiﬂﬁﬁ’$giﬁﬁWW£ﬁ}n’ﬂ%mﬁap%

R RO G o B AL L A T B
PUPFE L R Bt R s o o 20 96 An e 4k ( Copper(ll) sulfate

pentahydrate ) 74 ;% % ¢ T 4F 4 &% Bots P ALTY BE AR LR o
3.4.15 & -p-557 EA3EA-% ¢ (poly-p-hydroxybutyrate; PHB staining )

F-B-#7 pA(PHB) i R ¥ A 7q %5 fik fig 47 ( polyhydroxyalkanoates; PHA )
A2 e A HEERAATHRER I T AL 7 1
(Inclusionbody ) #7R%H? - FiR# k>t 2 b iz > 1203 % (wiv 3
70 %60 R ) Taip iR AR 2R 15 440 1 96 96 7 F (Xylene)
WS SRR F e 0 10§ i (Safranin) 20 g/l 4 ¥tre B4 G 0 K E A
MR 2§ PHB AR HE
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3.4.2 4 i # (Biochemical characterization)
3.42.1 #2 # 4 & (Microbial growth)

APy SEWE{HFEL AL HFGIBI2 e T ABRARY §
L4 EGRIGEAE @ v A k% & 3+ ( Spectrophotometer SPECTRONIC® 20D",
Spectronic Instruments, USA) %t £ 600 nm 4 477 4z2 sk % & (Optical
density) - Bl E Fie il R T Ak 2 KA o
3422 i 2 £ B AR (Optimal temperature)

MOER SN F ERETLTAR A AE - LAY 7t 1g/1 Yeast extract ;|

7# GIS12 Ftkiif 2 &R & > 12 35~ 45~ 55 22 65°C = ik 2 & Rl e 2

£
3.42.3 it 2 & pH (Optimal pH)

7 e pHE E I Fo 4] * B0t n R ¢k 5 R kA ((Bicarbonate
buffer system) > 1 & ¥ pfk & 1943 HCO3 & 5 B COerid 35 » * B T 7
U5 (32) A& AR E o> 4258 5 Henderson-Hasselbalch ( Esser, 2010 )

(3-3) o K3l F 5 pH6.34—8.82- 1k &S50/l %’J’%’a‘%;‘fj& 4¢1 g/l Yeast
extract>* & if 4 £ 8 B T RREGI5124 £ 25 .

CO, + H,0+ 0, + N, & [CO, + H,0 & HCO3 + H*] (32)

(Gas phase in headspace) (Liquid phase in medium)
_ §/1NaHCO3 )
pH = 6.1 + log 52 roonco — 1 (33)
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3424 i§§ iv & priplig (Catalase assay )

GEY SR SRS TN FE TR S RRER LS gt
FESE TR PN EN TS R ST PR TR

" 1% & (Escherichia coli) £ £+ ¢ § § # /) (Staphylococcus aureus) ¥
FHRT AR B AL HEL LD EFE 3 BHO0, BlEmre KA 0 F
7iEF P EpEgA S F e (th,2004) -

3.4.25 % 2 #is 4

AR AP LR FETE (APl 20A-Biolog AN microplate )
EEFARATABMNPRE FliE-RBALZ IR IRAAT > "EE AR
F ARA T RBrn 4 (Appelbaumetal., 1983) o #-Fikss % 1 #ikcd £ ¥

17 FRRZ TAR AR FEZ 0 #8160 3652°C B % 24 ) PF > 235
PP Fdpom ek 4 5% o Biolog AN microplate 7 96 &7 e A F
SPEApERAR  FARAHZBT AR RETRY I 25 - API
20A Rl3# A B ¢ 4 L-tryptophane ~ Urea ~ D-glucose ~ D-mannitol ~ D-lactose -
D-saccharose ~ D-maltose ~ Salicin ~ D-xylose ~ L-arabinose ~ Gelatin ~ Esculin -
Glycerol ~ D-cellobiose ~ D-mannose ~ D-melezitose ~ D-raffinose ~ D-rhamnose
21 D-trehalose o 1245350 2 % 4c i &2 2 &) (INDole JBI3#E » FHd b -
GELatin 3.7% Fie ) » 5% & {5 4cdp 77 A (INDole % v XYL 3F2#)R £ 323
FE 234481 ’T ‘v HER ##&[# % 5 4 48 ~UREase~GELatin #2 ESCulin

xf 2NN ﬁéﬁ,ﬂ‘ﬂé w4~ BCP 3378 ,93455.) ,3‘;%3 %'L%%ilé ThRE S o

AN Microplate #p B < gt &1 F At d & 5 24 & Fit 4 § 1 2|45
=% % (Bochner, 1989 )» # # 4%t % 5% 2+ AP| 20A i % =% 2% i>( Cellobiose ~
Glycerol ~ Lactose ~ Xylose) ™ % it 2 X ¢ 7 2 A F = & (Cellulose

2 Xylan )i 73+ 38 & F oo 05 2 5 RIEA T 59/ & 4 1 g/l yeast extract
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WERERABERAEPHT O TR EFT L IR A T g E o
3.4.2.6 Yeast extract £ Peptone 7 4v Pl 3

d Aw Fs%d RE A 3 FGI512*t A 7 yeast extracti? peptonez. TA#
AL EWAF & 30 cd 4 K > yeast extractik s 1+ (co-factor)
@ peptonedt - E F-v Ho R F LA A BT AR DAF P REY & R
TR AR ERAFASYNG FHELTAR R AE - RGN AFRAER
gpH™ > % 4el g/l yeast extract£? /& peptone > ¥ 3 yeast extract £ peptone ¥+

S GISI2FHh 2 £ 2 B2 -
3427 2 & § kit (NH,CI N, Urea,peptone)

A S AR A E§ Rl )0 13 FNHCIE AL
Rig s 2TARZRAE LS -RABH F 85 9livs F %442 /,"'J‘ el g
NH,CI ~ Peptone ~Urea!? 2 353 8 2 AR § 7 » B AEpHT B £ 1 T

BlAE O FEAFREUF R (RPF L5 5 ) $WCIBL2AKA £ 2%

2R oo
.l

34285 g ME:E Rt 4 BRI (Sulfate Reduction assay )

Foid® L FA R W Fiph B T IR R 4 RIE

H é}l?qf_ R ,;‘]w v 4k /& yeast extract¥t Fik 7 F]
AEFHABEG M (Sohetal, 1991) » # s i 4o § £ 5 T F

4

!

P58 B fU Ok B yeast extractit - d F1F o 59/ FHE L TAR A A
5 - BB o 405 gl yeast extract'4 2 1 g/lgRfie 4 (NaSO4) ~ I A ik 4

(Na;SO3) & st mipadh (NaS03) *tE g2 £ R EpHT T Rl4 £ 5
A5 (Holt and Krieg, 1994 )
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3429 g AR Rat 4 Bl3E (Nitrate Reduction assay )

J4uk§ﬁaﬁu&@(KNQQ§ﬁw¢ﬂﬁﬁ; BR A AR F
(Knapp, 1988) » 4% % i¢ * 59/l § 5 # 5 TAs % ¥ - sk > 7 4:05
g/l yeast extractz1 96 ~ 0.1 9%620.01 gr feds » ** iR A E R EPHT

R4 KA
3.4.2.10 #=2 % &% jB3& (Antibiotic susceptibility assay )

AR RAEHIRA ZF BB R EBT B Z Ampicillin (B @
g kR s ) ~ Kanamycin (B2 54 :%) - Penicillin ( 8258 pEr4 5 & =)
Polymyxin B ( #2458 % Bi’-’&.:ﬁ;) £2Vancomycin ( §2 58mre k2 & = ) (Baron,
1996) » ¥ ¥ st Eadst F w2 (Coyle, 2005) - &3 * it
%EAR32-16~8-4~2-1£05pg/l> 0.2 pm3t i 2 & Fip i piid
FARBArBER O OMBRRAMALIOMIT R A LA BRRA FHY
Flth s PP B F > FH 42 F & Fr4lk & (Minimum inhibitory

concentration; MIC )
343 A3 4 s Fin A 7

( Molecular biological and microbial community assay )
3.43.1 % ¢ % DNA %3 (Chromosomal DNA extraction)

AR S B FR 2 & 7 5 P2 (Phenol/chloroform extraction
method ) i& {7 Fj#k 4 ¢ #DNAE P~ (Barnsetal., 1994) o 3 173 f L fie
] & % 3 & Solution | » = 4 5 50 mM Glucose ~ 25 mM Tris-HCI (pH 8.0)
210 mM EDTA (pH 8.0) - fe#®l # & Solution 1l » = 4 % 0.02 g
Lysozyme/ml Solution | » *+4°C3g:4 ° 2 % i 513000 rpm.< 54 48 W &
At > 20p KR 0.5 mig Fk it o £ ik mre o B -
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=t 4 » 4 ~ 500 ulkSoultion 115+37°C & &304 45 - # Solution 117 Lysozyme
TR fR e REeNT {8 4 ~ 25 Wle20 9GSDSH m B A P T iR - A 480
2 m%e 9% » 4 » 20 ul Proteinase K¥710 ul RNase ¥ *+37°CF 404 48 > # 5
AEP I hEdE s k- S0 AR & BEH| X 4k % DNA%TA - 2 15 1213000
rPMAE 5o 488~ F &% 3 & Ferdte Fo 8 4o 2 R AREAE(25:24:1; viv)
Phenol/chloroform/isoamyl alcoholi% i + ™ % 5 14 48 - 1213000 rpm#&g.<5
Aao L E RIS — 1 & 7 B DNAgvRE ~ P B L RNAZ 3-v

(i

h

SR TR E BRA T ﬁﬁ,wa?n,,‘,\;n}'\ﬁ&'}ﬁ%j&igﬁ%ﬁ,uﬁg

1;4\

-M

A # B o Bt e b iR 2,58 M 0100 964 & BOEE
dEhE b TR 0 F 9 44 T RDNASY TSR 0 1213000 rpmaes 54 48
A% byt B Ak o 4~ 50-100 pl TE Buffer (&4 55 2 3 43 -k §
Tris-Cl » 10 mM £ Na,EDTA » 1.0 mM) 3 f&in ik 4~ 14 % 1% >>-20°Crk 48 o
T ﬁ%& Wt N4 ~ USHEMATSM fispser 2.5 100 964 2
BOFHE (#
fe & P ik ok ot )*Jcﬁff R iy fe4n ik (Grouse, 1987 ) o HEfs 14

n>:»

AR ) EAT-T0Cok 4 £ kL) P 0 iR R4

13000 rpma.= 54 48 2 % #i% » M TE Buffer ;3 DNA % % 2.-20°C -
3.4.3.2 DNA k B ¥ r¢r 7§ (DNA quantification assay )

3P A 2 DNAH SR % k& > SHIMADZU UV mini-1240
spectrophotometer;d £ %260 nm£2280 nm iR %] 4 47 DNAL F—v B 2 fim 57 2
Bk (o fr L S B 2 B 2 5 % 260 nmrk sk 8/280 nmk ki1t & AbSys0/Asgo
W 437182203 B EDNAB R R 0t A A FHE T B L i
PREFIERS g e S E A TR T 4k o 5 DNAK & 11260 nmex
Bk (3-4) LR HGE -
50(ng/ul) X OD,4o nmOf sample = Concentration of DNA (ug/ml)

1 unit OD,4¢ nm = 50(ng/pl) of double — stranded DNA (34)
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3.43.3 #¥% % 4 (Agarose gel electrophoresis)

o EE (Agarose) FIE A4 FILIF 2 FET LY A
FEDPHE > m Rl FAIDNAT KR R BRI ERERFFRAD
( Sambrook and Russell, 2001 ) » & * TAE Buffer (50X TAE buffer= 4 3 &

ZL 3 33 -k 7 Tris base » 2.0 M ~ Acetic acid, glacial » 1.0 M2 Na,EDTA > 50
MM)FRBEL % (7 k& RFRTEEEZEFHRBERZ700bp-25kb >
0.5% ~500bp-15kb->08% ~250bp-12kb>1.0% ~150bp-6kb-1.2%
280bp-4kb>15% ¥ P AP EREY 10 %ERFEEAY
FERR R E ) A E RN 154 &R F (s 0 DNAK 226X loading dye %5 @ 1
wep R &2~ % ® Well » Loading dye f = % Xylene Cyanol FF £
Bromophenol Bluew f&7% . EDNAA # 2 4+ B a5 45 77 HA BT AR
M50V E R & TAE buffer® 3 4254 4802 15 12481 ¢ 4z ( Ethidium bromide ;
EtBr) ;3% (25mg/lin TAE buffer) % ¢ %104 4% » % >SUVRER Y 6 s
BIIS T o
3434F & pesdfk F E16S rDNA # B 353

( Polymerase Chain Reaction)

Pyt it s FEAIDNAB R E L RS e TR Ef R B o A
F 2% * PCRF & % (GeneAmp PCR system 2700, Applied biosystems, USA )
Fob prask 5 A AT pEAE Y 165 IDNA R Lo RILL 4 d H 4 1K
32 B - fslS (primers) 0 B s [ R B E P H R (oligonucleotides )
2iE TAHHDNA T a2 3 48 0 F Sk 17351+ B 7]4cTable 3-1 (Johnson,
1994; Marteinsson et al., 2001; Muyzer et al., 2004 ) ~ i = DNAZL &z B
¥ A3 § 125 = B4pLdNTP (dATP ~ dTTP ~ dCTP ~ dGTP) 12 % i& {74

1% & fFTag Polymerase » &7 £ %= 48 2 4 %1+ (Denaturation)
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+ %k & (Annealing of primers ) #2513 z& © (Extension of primers) » & »
FAK g RDNAE 1202 B H etk 8 » KDNAK R - B F iR
PREFEYRFTAS ST FRE AR EEA > B 3 2R
LR EFEN (35) @& * AR EAEPCRF &E (Mycycler Thermal cycle
PCR, Bio-rad, USA) » it 12 3 fiige 33 5 pH (.82 33 BEMQ™ ik & ‘45 B & s /2
M PCRF J&i% % = & 82 408 #2584 Table 3-2 > i@ * 515 5 27F (5°-AGA
GTTTGA TCM TGG CTC AG-3’) ¥21522R (5’-AAG GAG GTG WTC CAR
CCGCA-3’) -

Tm=2(A+T)+4(G+C)  (35)

Table 3-1 Nested-PCR primers used for application of V3-V5 region of 16S
rDNA in this study ( /¢, 2004 )

Primer Sequence (5°-37) Specificity

27F AGAGTTTGATCM TGG CTC AG Bacteria

341F +GC? CCTACG GGAGGCAGCAG Bacteria

926R CCGTCAATTCTTTGAGTTT Universal®

1522R AAG GAG GTG WTC CAR CCG CA Bacteria, Archaea

(W=A,T; M=A, C; R=A, G)

1 : The numbers used for primer designation indicate the positions on the nucleic acid
sense strands identical to the 5-end of the forward primers (F) or complementary to
the 3-end of the reverse primers (R).

2 1 GC-clamp = 5’-CGC CCG CCG CGC GCG GCC GGG GCG GGG GCA CGG
GGG G-3°, Length = 37 nt.

3 @ Specific for three domains; Bacteria, Archaea and Eucarya.
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Table 3-2 Reagent and temperature program in PCR reaction

Components Each conc. Final conc. Source

10x PCR buffer - 1x (contain 15 mM Mg*) QIAGEN

dNTP mix 10mM 200 uM of each ANTP  FINNZYMES
Primer F 10 0.2 uM Mission Biotech
(27F) pmole/pl

Primer R 10 0.2 uM Mission Biotech
(1522R) pmole/pl

Template DNA - 20 ng/ul

Tag Polymerase  5U/ul 1.0 U/ul QIAGEN

dH,0 To 25ul

Reaction  Activation Denaturation Annealing Extension  Final
Temp.(°C) 94 94 53 - 60 72 6

Cycle 1 30 1
Time(min) 3 1 05-1 05-1 10

3435 ¥EPFRBWT AL L PCR
( Denaturing gradient gel electrophoresis and Nested-PCR )

%?%%%ﬁﬁﬁ%iﬁwﬁqﬂﬁﬁ%ﬁﬁé%%’:&ﬁﬁl%
DNA ¥ V3-V5 % 5> 2%k 3-3d * 3513 (Universal primers, 341f+GC: 926R )
A & m%wkfﬁ ﬂ’ﬁ%ﬁﬁ@ﬁﬂ£$2kaﬁﬁ&@§¢&z
oo BAREE G AR LR EAEE R RD AR Y P o 2 e A 7
P did 2 Riendedpgnsn o 5548 E § (a-cellulose 59/
fTa ARt 55°C RE BB ) TAATFHE ALY R kBT Ko
Rl arramppe i s w782 PCR—DGGE 27 F#ELE AR A o &
DGGE 7 & % % 2 Quantity One #: %% (Bio-rad, USA) 4 7if ¥ fp ¥t =%
e 5 10z 5gis @ * Numerical Taxonomy and Multivariate
Analysis System, NTSYSpc #ic %8 ( Exeter Software, USA ) 1 #b4c 4§ %2 T 35
2 (Unweighted pair group method with arithmetic mean, UPGMA ) 4 47 & 3

= AR M AL -
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EERHEPRBHET AT R Y F Y £ Soil DNA isolation kit (MO
BIO, USA) i {7 3% DNA 55 » b 3 (440§ e f 3 ik & I ks
o @A ¥ 8 PCR 4 2rig + 4 (Niemietal, 2001) « B 454 7] ¥ &
W R Bt K38 PCR B > F]31 3 & - 27 AP ¢ 5gir 2 p 4L DNA
BRI A tefe s @ % 58 PCR 2 o it ¥ B DNA 2 315 (27F ¢
1522R ) e 74 > & r13% %315 (341F:926R)4F #l + & fx + 2. p £ DNA
PEOCTHRBASARERCEBEIAETF  515 553 Table3-10 A ¢
341F 313 2k 2 GC-clamp> 17 .+ DNA B 7[> 9 2 ¢ 5 & 1 % > fa4ad H

% DNA > i & 3 P spma 4 % i o

PP R BT AKE (DCode Universal Mutation Detection System,

Bio-Rad, USA) % (T4p ML R F B P f @l > 2 4ot ™ #7157

a. %_53/}’# ;ﬁ\ Rt 9|J’}5§§_E4’FFLTI ‘F e f’},mﬁ?ﬁ: 22 70/0/?]’%/}3 e b

B WAATRRERFE ST

b. &% Bz & (Clamp) H=za *4&%amg» » ¢ Fu# P (spacer) &
W > = % & 4R 4 02 409 Silicone grease 3% spacer &2 g I3 /F 14 >
¥ 5ok b 1 A 47 A 24 He % s (Smiling effect) 7% ( Brinkhoff and
Hannen, 2001 ) -

C. B Xz s P RBRAITF FERRIF BRI
AFEREESBGERT ERPEAL F TR TR ARBEL
PUREAS 0 fr B 2 3V 424% Table 3-3 -

d Ry TRy BERRE 2 P RRR A v B[ =% 2 (JF, 2004)
2L RV IR & RF %% R kR G 300bp - 1000 bp»6.0 % -
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200 bp - 400 bp+ 8.0 %2 100 bp - 300 bp > 10.0 % » 4= it {+ DGGE
TR B AR B L 550bp s i &k A 6.0 %% B o 2 ThA| R L A g

M A e > vt B - B FF 323 Table 3-3 o

¥R IEIET %%}iéi%]w‘if s % ( Bio-rad Model 475 Gradient
Delivery System) # B4 B 2 R AR 2 RS > R B MER E X
System & zH > ¥ OURE ML TR EBELRHER T ETER

WO R R ) B R AR ETE o

I

AR A /J\,\‘;%Q:)\’&v*i(comb> WA 4 kv CisEFRT B

Y%t

B SRR AR T TR e B 2 5N 4o Table 3-3

1_

7’1‘\?“% Il{"}r,ﬁ'; ‘F)‘/\ﬁ‘lﬂ'\&\:"ﬁ? —T—#E

: %”%%*%“ﬁ% & B0 0 2 TAE Buffer Fie e e dh b A § 962 R AH,
TAEFIER o ELR R SRR .

. PCR & % # 6X loadingdye 2 5: 12 & t5i2 » % £ Pife ¥ £ 4 5 0 60V
% 60°C Tk 16 ) B -

5

T A% R & F EBria ik (25 mg/lin TAE buffer) % ¢ 10 4 &3 UV

B 5 SRR HEAR A 14 -

FR AL AR SR RALIT U TOREG R A o B

FALEEB D L H L RS G T

R R E RE ZRF IR e B R F2 ok
WACF e 12 ) PP S D B E D k> w2 7 GC AR F

WS WLIREREF
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3.4.3.6 Ftk 16SrDNA z A (16S rDNA sequencing)

995 1 it % PCR ¥ B4 2 16SIDNA & 4 & * AggolAggo 1 ik 5 71
FETRH RO EFRB T AP RFHRF L LA A PH a9
( Mission Biotech Co. Ltd., Taipei, Taiwan) & {7 B 7| €5 - F]¥ e A 71 &
BONEERRE B ER Y E AL BER o TSR AT PR
7 MEGA 4 #ix %8 » 45 Alignment Clustal =4 it #- Forward £ Reverse = £ 7
FAHNS »E7&L > HY Reverse P EZIHEFBE S UKL B4

ARE RN

Table 3-3 Reagent of 6% polyacrylamide gel in DGGE method

a. Denaturant stock solution

Order Reagent 0% 70%
1 40% Acrylamide/Bis (ml) 15 15
2 50x TAE buffer (ml) 2 2
3 Formamid (deionized) (ml) 0 28
4 Urea (g) 0 29.4
5 dH,0 83 25.6

Total volume 100 ml

b. Cross-linking agent

Ammonium persulfate (APS) 10%
c. Polymerizing agent
Tetramethylethylenediamine (TEMED) 100%

d. Different concentration of gradient gel

Gradient conc. Top(0%) 35% 45% 55% Bottom(70%)
0% stock sol. (ml) 1.5 7.1 4.5 2.7 0

70% stock sol. (ml) O 5.4 8 9.8 1.5

Total volume 25 ml

APS sol. (ul) 15 125 125 125 15

TEMED (ul) 3 12.5 12.5 12.5 3

* : Gradient gel: APS (10%): TEMED = 1000: 10 :1; Top and bottom gel: APS
(10%): TEMED = 1000: 10: 2.
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3.4.3.7 16S rDNA & 7|+t ¥+ (16S rDNABLAST )

¥-F_ B 13 AF {5 2. B 5|+ 3 3 National Center for Biotechnology
Information ( NCBI, http://www.ncbi.nlm.nih.gov ) +* ¥ GeneBank # % 7| §
FL 12 Basic Local Alignment Search Tool (BLAST ) #% 16S ribosomal RNA
sequences database 4p 0 B 71 - & 9 iF £ % Uncultured/environmental sample

TIEFS & LAKRES BB ERGH RET .
3.4.3.8 FkA R AR E | (Phylogenetic tree )

#-NCBI v+ $4p B 1242372 B 7] FALT 4 1 MEGA #0888 W5 b 1%
B Bl o Bk T8 4 Distance matrix method :£ #% Neighbor-Joining method
( Saitou and Nei, 1987; Tamura et al., 2004 ) - Tree inference % # Bootstrap

test (1000 replicates) » Substitution model % # Kimura 2-Parameter -
3.4.4 mpps A $ 4 ¥ (Fermentation product analyzed )

3.4.4.1 4 A % &+ (Liquid products analyzed)

VEMMEEERE AL s HEFEBEAL U TRPE TR
( High-performance liquid chromatography, Shimadzu, Japan ) ip] % i %7 % 3%t
LA AN 15’%:’ #r+ 2 # ¥ L Transgenomic COREGEL 87H3 (300
mmx7.8 mm) A 45 £4] 35°C (508 5 BB L i cha R ® (RID-10A
detector) ; # #>4p ( Mobile phase) % 4 # &322 0.008N H,SO, % i% (0.6
mimin) 5 4 &2 SHREAE 5 20ul > 1R % 3 RE BB S FE R A
e e BEFTE (- ) MREEERDEE ) BRAY S 17
* % 48 & 17 %k (Gas chromatography, Thermo Scientific, USA) p] 2> G
d £ g 4 SEG BP20 (25 mx0.22 mm, 0.25 pm ) » ¢ 5= B A2 5% 5 Ac4f
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A 120°C 4% 3 min & 2 16°C/min ¢ & = ;8 3 200°C f3F 5 min ; /3 &3¢
(Injector) ;8 & % 200°C ; W ip| B 5 L agpF i @ p| 2 (flame ionization
detector, FID) i & % 250°C ; %/ & % (Carrier gas) = % # > # #ii &
25ml/min; He &l st A 2 Ll e B H/RBFLEIPM 2 fTfRC

R~ TR TR R (s ) e
3442 # ip A ¥ 4~ # (Gas chromatography analyzed )

LU 2 R F T AR € A2 2 4§ (Biogas) H
A b pEE F S A ?%@ﬁ!‘lﬁ@ﬁ?ﬁé wWhAr g oo PR
TR(EERFIQ 33 H 825 AF Eosis 1 F 40 A 47 R(GC-14B,
Shimadzu, USA) i& 7  §8 = & & 47 > 1%}%’ # 2ph3g 4 41 (2.1 mx3.2 mm,
# 24 . Molecular Sieve 5A 60/80 mesh) » & F% T 5#ica FHIER 50°C
Y58 5 &3t (lInjector) '8 & 5 120°C 5 1 ip] % 5 #u i % id ) B (Thermal
Conductivity Detector, TCD):§ & % 140°C » &/ (Current) % 60 mA ; R
% %8 (Carriergas) 5 & # ° # /£ 5 25 ml/min ;5 4k /184884 5 0.4
mle RRIER R UG FR2EHRFFERF A LEFIT 7 R0
BEFH (25 25 VB 28R AU FAREDNF PR -
FRITR A U HEREEEFTE AN (R ) e

3.4.4.3 mpx = = (Fermentation balance)

'z

Wbt LE AT R AR

I

—_
N

BEAF R A RER S P E MR EY T
Wf B AR R R AR A PH R TG § S F
R AT R A F F S F RS FEERS S &
R T EF RS RAR o FAASE N4 (3-6) (Fan et al,
2008) - @i i A ¥R BRSPS AR AR AR
R O
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V=V07’1+ZV171 (3'6)

where

V is the cumulative H, gas volumes at the current;

V, is the volume of headspace of vials;

V; is the biogas volume discharged from the vials at the time interval (i);

7 i is the fraction of H, gas discharged from the vials at the time interval (i).

XiRwm EF PR AT
PF o % Fr Bio—gas w B & 3¢

=

A

[P0
o

. O

RER) T

Figure 3-3 Experimental setup for biological hydrogen production test.
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Fri BER8u%
41 AELH
411 gakpri i HES %

AP TR EFHE R R G % E U (lguana iguana) X { om0k R g
(Whatman No. 1) % zé%* P RE B ANBCH ARG KRATE - F %A

SERFACRER G OART 63 B50l ke R 22 RE A A
2 300ml/l > $Het R T FFFE S fv"?]’?fﬂév\%‘r??%? o

4.1.2  Nested-PCR 434 16S rDNA % &

RAYFL IR 2L ETHRAKfEE L AF: AR > v 50/l i
AT E TAR S Avi—- R RE BELSCE A -5 120 &
I & 24 ) PR ;ﬁd Soil DNAKIt 7 # % i 3 B~5 ik ghen A3 DNA >
A~ 17 DNA (A260/A280) & T32% 09 Mo v #HFH - < o it
*RERAFE R RS 2 S RSB R DNA SRR F 1T 12
i it 1 DNAR &2 £ 38 PCR 2 /2 #53% 16S rDNAV3-V5 % £ p £ 7 £ >
PCR 4/ #23% 3% T 242408 B 94°C = 2 48~ 3488 B 94°C - & da ~ 315

LEERSSC- & L BRTC- ~dd> = BHBER 30
BIiSE R T2°C > A4 o ﬂ}?kiﬂi#ﬂ Ui * 447 F ospecificity 731 3 %>
¥ 11 ' 14 PCR i 42 mismatch 4% ¢ (Hugenholtz and Goebel, 2001 ) o # 4«
513 4% 27F (Bacteria-specific) ¥2 1522R ( Bacteria+Archaea-specific )
A FEIEH 2 (2 % 31 3 # 341F-GC( Bacteria-specific )14 2 926R
(Universal-specific) #3# - * & F ¥ DNA > 1EER T AL 47975 & &

BHESLZE - PR 4rFig4-1e M 2 RCR AP 518 A 72 k95 -
g 3
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120 TCW1 Water

Figure 4-1 DNA concentrations and agarose gel electrophoresis profile of 16S
rDNA fragments from lizard feces incubated with 5 g/L a-cellulose for 0, 24,
48, 72, 96, 120 hours and Clostridium sp. TCW1. Land 1: maker means 1.5 kb,
1.0 kb, 900 — 100 bp, lane 2: 0 hour (concentration = 716.7 pg/ml), lane 3: 24
hour (concentration = 1089.3 ug/ml), lane 4: 48 hour (concentration = 803.2
ug/ml), lane 5: 72 hour (concentration = 709.9 pg/ml), lane 6: 96 hour
(concentration = 764.3 pg/ml), lane 7: 120 hour (concentration = 749.7 pg/ml),
lane 8: Clostridium sp. TCW1 (concentration = 684.5 ug/ml), lane 9: water.
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413 REHFRBHT A DGCE F#EBHA 1

AFTF ¥ 412 %38 PCR ¥ 43 16SIDNA ¢ V3-V5 % (% 500
bp) $&5 0 P Bt iEY 2k FRCIE R B RAR AL R EL A
kg m 95 DGGE # 17 R 32k 34513 341F 3 4 30 B mer 12+ GC #
B (GC-clamp)» ¥ Mg A T APFER FMn = 23485 H PR
BFHe - DCCE RAMF AL RILY AP ROk Tk i > R T T g
FEPRAFMRE LA FRA >  FERLPRRRFR BB
BT ML B KT R R PR S SRR 35% —55% 0
g2 5 60°C» T /& 60V iAd 16 - FF » & % 4 Figure 4-2(a)*71 » & %
R ARBEER (H4T%) A2 2203 FaRNs k7 TmEL

AN BRI AL RE DT EATRI ) R AR S 45 %655 %
TURFEDREIRF PR X T LR Y EAINRF L 0 de Fig.
4-2(b) » Flt e F R R F 45 %655 Yk 5 kg o
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35%

93ueJ jualpesd uunieusaq

55%

45%

98ueJ jJualpesd uunieusaq

55%

Figure 4-2 Denaturing gradient gel electrophoresis (DGGE) profile of 16S
rDNA fragments from lizard enteric mixed culture incubated with 5 g/L
a-cellulose for 0, 24, 48, 72, 96, 120 hours at 55 °C. (a) Denaturing gradient
range 35%-55%; (b) Denaturing gradient range 45%-55%. Denaturant reagent
is formamid+ urea (70% = formamid: 1.12%(v/v), Urea: 294g/l).
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414  EHERZAH

AT 413 BREAVAERADT I FHRERETHEES 4
2 &> % ® Unweighted pair-group method using arithmetic averages; UPGMA
AR > 4o Fig. 4-3 0 B % FIRAEF 3 A PR 4p i & 4 8 (Coefficient)
AL BREAR R LR L FES R T2l FESHEATT ko

#-DGGE T4 %% M ¥ 3 X I T RIS K28 A & Bt 0 4r

M ohzZ 5 OTUL &= 5 kg > @ OTUZ2 ¥2 OTU3 *+ 48 /] pFi 1248 3 PFF
SRk EEY AFHPFH>OTUL-0OTUS #FH s 268k g &

553

AT AR M2 H- AFRAHETFERHP DNA - gt pF
DNA B 7|5 &z 5 GC-clamp> s d A 7| F T PFA 4 4380113 3 GC
2. 341F 2 926R 51+ £ =x:2 7 PCR:» ¥ ~ #7 DNA ¥ R B2 X X VLR T A ¥
BEHE- B REELTA o BTAHESE UL G MR Fig 450 % 323
¢oenPip B AR A G - B OTU . %12 '35 DGGE #jisyatac 4 > #2500
bp & &2 BAFAEZH AR AFINFT 5 4 & 5 Clostridium / >

d AR DL PR PR T R A R B R RIR Bk S

24
48

| 72
96
120

0.48 0.61 0.74 0.87 1.00
Coefficient

Figure 4-3 UPGMA dendrogram indicating similarity of DGGE pattern of 16S
rDNA fragments from from lizard enteric mixed culture incubated with 5 g/L
a-cellulose for 0, 24, 48, 72, 96, 120 hours at 55 °C.
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G

Cellulose
concentration(g/L)
Hydrogen
production(mL/L)

] 24 48 72 96 120

Cultivation time (hr)

Figure 4-4 Microbial community structure analyses with cellulose degradation
and hydrogen production from lizard enteric mixed culture incubated (a)
DGGE profile of 16S rDNA fragments, (b) Cellulose degradation and
Hydrogen production.
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Clostridium caenicola

99 L ]
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Figure 4-5 Dendrogram showing the interrelationships within different
sequenced OTU of lizard enteric flora system and closely related species. The
tree was constructed by using the neighbor-joining method and bootstrap values
calculated from 1,000 trees. Bar represents 0.02 changes per nucleotide.
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42 FitkA H
421 BGRALHE

AT S HRA AL F o KRR S (Heatshock)—ixféé‘z:{a;’kﬁég_
a5 g PE e S5g/ligiia e TAR R A - BURKIH 3
REUPE (S RBRRS B IHEL LY UkER R BFRT Y S E
B 100°C > 4c# A2 010~ 30~ 60 4 4815 BT AT % Az % > B
FFERAcH 10 A 4B F oot T A K o BB T AR AR
AR 30 AR 2R T RAS o ¥l Ap L BACEELRH RAE
O FRA S 3+ 0 ¥ G S A P AL AT AT i & A 0 4o Fig.
4-6 o
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[EEN
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Figure 4-6 Methane production of lizard enteric mixed culture incubated with 5
g/l «a-cellulose treated with heat shock for different times (water bath 100°C).
(a) The phase contract micrograph showed the mixed culture treated with 100°C for
30 min. Rod-shaped cells with terminal spores were shown.
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4.2.2 ) ¥ ;ﬁ—;‘a\g@

%% Hungate ik /& ¥ $it7 > 11 2 g/1 o-cellulose & glucose % 3 % A
Bk YRR B5°C T A > ERAMMAREA T A FBRYRF - F
A FRARTHREBRERZ AR RBERING ¢ A% ¥ R
AP AF TR 2 FE Ao FiQ AT  RIFAFR 2R EE LR S
xR Rl PENL BREE BRI 200 0 F 8L ERATER &
RAAMNEE T2 PS> PR B F 28 GC-TCD A 47 & % i1 4% 32
P FMES R Y HERESELA 4 a4 $#25 (1365 ml hydrogen/I culture
medium ) > 4e Fig. 4-8 o #-yt F iR AT & 5 GIS12 :2 {7 {5 § 2 124 L 4R

72 hours

Figure 4-7 Isolation of H,-producing anaerobes by roll tube technique. Solid
culture medium with 2.5 % agar and 2 g/L glucose after 72 hours at 55 °C. After
bubbles were forund around colonies, indicating rigorous gas production.
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Figure 4-8 Cumulative gas production, hydrogen production and hydrogen
percentage of isolated colonies from lizard feces growth on 5 g/l glucose
concentration after 72 hrs.
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423 A& FGIS12 R A

AFT g KR GIS12 % B~2 % ¢ 1 DNA 12 PCR# # 16S DNA( % 1500
bp):i¥ 2P G FFELD D XA LA GG EA HUT A
#- Forward ¥2 Reverse & zhip4&— A2 2 2R 7] > T NCBI A F|E 7 1t
% 16S IDNA #p 02 5 A 71 » 2 MEGA 4 %8 % 5.5 48] » 4- Fig. 4-9 -
R A% A7 % R GI5S12 2 & F tk & 7] & 4& 7 Clostridium
thermopalmarium strain BVP £ Clostridium thermobutyricum & tk &k > 4p
MEBE G 98 % KT AR AR B FTRAREELES Y
PIRETE L A 48 o GI512 Atk 16SIDNA A& 7@ + i NCBI > S35t 5

1544408 (‘*téFm ) o

100 —— Clostridium pascui

34 Clostridium aestuarii

G4 Clostridium homopropionicum
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Clostridium thermobutyricum
00| | GI512
95 Clostridium thermopalmarium
Clostridium saccharobutylicum
100 Clostridium ganghwense
35 Clostridium subterminale
0.m

Figure 4-9 Dendrogram showing the interrelationships within hydrogen
producing strain G1512 and closely related species. The tree was constructed by
using the neighbor-joining method and bootstrap values calculated from 1,000 trees.
Bar = represent 0.005 changes per nucleotide.
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43 2 BB FT
431 FAWRRE

A& AGI5I2 &kt |mi v & d iR > Roll-tube Fli3s & pF 5 54 0
$dRAE SN T ERTAS A KR AR A > ip L ACET 108 R
AR AL 9475 um(L)x1.25um (W) Fikx =4 ¢ &2 2 3¢ + (Fig. 4-10
a)e M Ak 2000 BEEFRUELB AT Akeep £ IR %
B o 8 3Rk F (Fig 4-10 b) > 7 &t & B 748 iz Atk Clostridium
thermopalmarium < )gie:‘ #3 ¢ A2 P 74 (Inclusion body) » *+32 & i 4%
PEREZY RS RA R G A AW AR p A T
TR B IRMA N 7 1= & Polyhydroxyalkanoate (PHA) + #% ' =

3

ETIRS

BT AR YR i PHA RS B4

Figure 4-10 Phase-contrast micrographs of this isolate strain GI1512. (a)
Rod-shape cell and endspores. Bar = 20 um (b) Inclusion body-like structure. Bar =

3.0 pm.
1BOPE LA 1T R4 20T BT S A+ 10,000 BELE 0 5T F

B b SRR 0 O R BB T R E R ML > 4 Fig. 4-11 (a) (b)
FAEE RS B RS S
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Figure 4-11 Trahsmission‘—éAI.é-ct‘rnbn‘ micrographs of hydrogen producing strain
GI1512 negative staining with 6% uranyl acetate. Bar =3 um.
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Figure 4-12 Micrographs of hydrogen producing strain GI512 with gram
staining test.
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MCRRR R RORAL Y Atk A S BER S B M F N A L
Bk Seend g (% o Clostridium F/ ® 7 & <0 Clostridium perfringens & 4+

PR FR T ARE A EAF a4 o 12 Escherichiacoli R Ftk- g

W 0 4o Fig. 4-13

Figure 4- 13 Micrographs of hydrogen producmg straln GI1512 with capsule
staining test. Negative staining with copper(ll) sulfate pentahydrate showing non-
capsulated cell of (a) E-coli and (b)Hydrogen producing strain G1512.

434 PHA % ¢

Ryppprs 4.3 17 #RAL FGIGI2Z7Fa Z2 3 M g HEH » R
s v npafig g (PHA) 54 # & l*’ﬁrfz@ﬂﬁﬁiﬁ'é?’ﬁﬂ'ﬁ*“r" Py
W R BRIy TR APV AR RF L E SR Bl
Z2_— o i % figia Mengk2 2 (Sudan black ) % 2 Escherichia coli & % &
Fither & & # GI512 e (7 PHA % d > 4o Figd-14 - N 7 M 5 Fk
BAEGHARAF S wFHer e ML IHRE, BEFRT L
A PHB i 4 2 E. coli B 5 g Al d % F > Fth GI512 e p 5
ARSI IR E > H¥S PHA 22 A 4f - Sl $A BFHRE LT 247
SFAPPREIBFATTEN I KBTI RE N F AL RE- AT
38 PHA/PHB 3> 0.0lgPHB £ % 2. 11 3> GC 2 7Bl & § I 3.6
L% (Fig. 4-15a) > @ GIS12 ti &~ tr Bz Y A WL PHB » 2 5 45
B2 A8 s g IR T HETS 2 S H i R4k PHA & B -
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Figure 4-14 Micrographs of lipid structure with sudan black strain after
stationary phase. (a)E-coli and (b)Hydrogen producing strain GI512 showing black
granular in cell.

Figure 4-15 Chromatographic of lipid structure with hydrogen producing strain
GI512. (a) PHB standard 0.01 g and retention time is 3.6 min (b) Hydrogen
producing strain G1512 sample.
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Figure 4-16 Temperature effect on growth of hydrogen producing strain G1512
incubated 5g/l glucose. Cell growth determined absorbance as optical density at
600nm. (4):25 °C; (@):35 °C; (<>):45 °C; (0):55 °C; (H):65 °C.
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Figure 4-17 Specific growth rate of hydrogen producing strain GI512 in
different temperatures between 25 and 65 °C. Optimal growth occurs at 55°C.
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443 B4 & pH

A & AR GI512 B if pH iRl 4rFig. 4-18> B if pH 2 £ # F)*+ 6.3-8.8
FRITE e pH R 2 R ARG 3 & 0 ¢ BiRkeF 2 REF
0.287 hrl» %%t Fig. 4-19 ¢ & =032 % A BB A~ 402 5 % pH > B4
PH7.1232 % (5% 3 573> 7 54~ 6.3432 4% {5 "% 1 5.63 4+ A & Ftk GI512
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Figure 4-18 Initial pH effect on growth of hydrogen producing strain G1512

incubated 5g/l glucose. Cell growth determined absorbance as optical density at
600nm.(@):pH 6; (<):pH 7; (O):pH 8; (l):pH 9.
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Figure 4-19 Specific growth rate of hydrogen producing strain GI512 in
different pH between 6.34 and 8.82. Optimal growth at 7.12.
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Figure 4-20 Different glucose concentrations effect on growth of hydrogen

producing strain GI1512. Cell growth determined absorbance as optical density at
600nm. (@):5 g/l; (@):10 g/l; (<>):20 g/l; (O):30 g/l; ([]):40 g/l; (IW):50 g/l.
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Figure 4-21 Specific growth rate of hydrogen producing strain GI512 in
different glucose concentrations between 5 g/l and 50 g/l. Optimal growth at 5

a/l.
445 RAERAFTHT AR

i€ * API20A 22 AN Microplate = = p-i¢ & T £ £ 2 RF A & Fx
GI512 it 43 ek B HASE o APl 20A 7 A~ 45038 B ¢ 3% L-tryptophane -
urea ~ D-glucose ~ D-mannitol ~ D-lactose ( bovine origin ) ~ D-saccharose
(‘sucrose )~D-maltose ~salicin~D-xylose ~ L-arabinose ~ gelatin( bovine origin )~
esculin ~ ferric citrate ~ glycerol ~ D-cellobiose ~ D-mannose ~ D-melezitose ~
D-raffinose~D-sorbitol ~L-rhamnose £ D-trehalose % 20 f&-# AN Microplate
AT PEAR ~ Padd > 7 BEEE B9 WaE 95 46 o APl 20A % E T
“ff}% BIEEFE R Hepy 57 % JLF o @ AN Microplate B+ 1241 *
a-D-lactose ~ B-methyl-D glucoside ~ salicin ~ acetic acid ~ formic acid ~ fumaric
acid ~ glyoxylic acid ~ a-hydroxybutyric acid ~ B-hydroxybutyric acid ~ itaconic
acid~propionic acid~pyruvic acid ~pyruvic acid methyl ester ~D-saccharic acid ~
succinamic acid~succinic acid~succinic acid mono-methyl ester~urocanic acid~
alaninamide ~ L-alanine ~ L-alanyl-L glutamine ~ L-alanyl-L histidine ~ L-alanyl-L
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threonine~ L-asparagine ~ L-glutamic acid~ L-glutamine~glycyl-L aspartic acid -
glycyl-L glutamine ~ glycyl-L methionine ~ glycyl-L proline ~ L-methionine -
L-valine plus L-aspartic acid ~ 2'-deoxy adenosine ~ inosine ~ thymidine ~ uridine
and thymidine-5'-mono-phosphate = %] 5 ot a4 &t 3 4d § if oo ok iz
A& k¥ ¥ gz (Cellulose) & A &pr (Xylan) 7 B Fie 7451
¥ o BMEEBa BN AT AKRGISI2 2 B AFREE A fRL 4 o

AFEF R R F KR R GISI2 B B A L R F RF

FWARBE REG BN AE S REFEF FHAFTRNE G LKL LT
Bk o 2 B EF B AE A 4 o @ v 4 K 2|48 yeast extract #& &%
Ay gk g A gk iE P A A, il FiFE TA 2 % A yeast extract
£ peptone Y * pli# o
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Figure 4-22 Different nitrogen source effect on growth of hydrogen producing
strain G1512. Cell growth determined absorbance as optical density at 600nm.
(@): Without N source; (@):Nz; (&): TA medium; (O): NH4CI; ((]): Urea; (H):
Peptone.
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4.4.7  Yeast ~ Peptone 4| * ip|3&

TA 32 % 7 ¢ hyeast extract &2 peptone = 4= &~ F &4 F » & Wk

4 F15 (Co-factor)~ F=v Jet 2 Kk & kiR ¥ prap 31902 4 ficd
Pav 0 S fEA & 4 yeast extract iy A B KA P2 KRB A T a4
(Koku et al., 2003 ) - &= * 57 3 45 3¢ 7 4v yeast extract £ peptone 3t 2 &
Atk GI512 2 £ 2 58 & % 4 Fig. 4-23 > 3 IR yeast extract = F#k G512
AENGIFFF @A ;‘,9]:4\: peptone ¥4+ 4 E AP R > A Fe & (B
FFRH G te o e 7t TA BAARD2ZH2F) A3 2 & 0 & yeast
extract 4t &2 & AR GIS12 Z 2 Bk ehd L F ¥ & c S mp A LA
fe R RplE T s el g/l yeast extract $4> 454 £ B 8% % 2 P &g -

BRI R L G SOl R TRIE

Time (hr)
Figure 4-23 Growth curve of hydrogen producing strain G1512 culture with
yeast extract and/or peptone. Carbon source is 5g¢g/l glucose. ([]):TA
medium-With yeast extract and peptone; (@):1 g/l Yeast extract ; (A):1 g/l Peptone;
(O):Without yeast extract and peptone.

60



448  prph R RRGE

AP LA S AR GISI2 {3 @ o LA U R AL AL H R
Ricd 5o/l §E AR TAR AR % 1 g/l NaSO3 ~ NaSO,
2 NaS;03 T iRl2 £ - % % %4cFig. 4-24 > FRA & FthEZf|* p =
BREERE » $3 2 Y RGeS D A TR NaSO; ¢ 3l

AL 2 ERRmpERN 4 & Clostridium A2 =4 it i dp ke o

0.6
0.5

0.4
03
o

3
Q02 |

© 0.1

6E_16 1 1 1 1 1 1 1 1 1
01 © 1 2 3 4 5 6 7 8 9 10

' Time(hr)

Figure 4-24 Growth curve of hydrogen producing strain GI1512 in different

sulfate with 0.5g/L yeast extract and carbon source 5 g/l glucose. (). TA

medium; (@):1 g/l Na,SOg; (O):1 g/l Na,SO4; (ll):1 g/l NayS,0:s.
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Figure 4-25 Growth curve of hydrogen producing strain GI1512 in different
concentration KNO3 with 0.5¢/L yeast extract and carbon source 5 g/l glucose.
(<):TA medium; (Il):0.01%,KNOs; (0):0.1%,KNOs; (@)1%,KNOs.

4410 $r2 F w3

AE T EAT FPedlis 444 2 Ampicillin~ Kanamycin~Penicillin
Polymyxin B £ Vancomycin ¥t 2 & Ftk GI512 2 & h > K37 Fin
2 AKER32-16-8~4~2~1% 05ug/l> ™ 02um 3452 & Fila i ia
A FRRE A CBELA VB2 Jg’%“ REFHWAF 2 EALP e
Fl e ] /iéfiﬂ]‘ ¥ 2 & # 4]k & (Minimum inhibitory concentration;
MIC ) % % 4r Fig. 4-26 #71 » 4 F 44 oz B2 & 32 58« Ampicillin %Jif,%]'”
»z% B it > Penicillin 22 Vancomycin R 5 5 2f £ &8 » e sk o
Fhnre Wl 3% (2 Polymyxin B Mk & T & 5 B pFppck 0 @ Kanamycin i
RFrdlme 3 W AR REER 1 EFIBFE - Lt F MIC
4o Table 4-1 -

Table 4-1 Antibiotic susceptibility minimal inhibitory concentration of strain
Gl1512

Ampicillin - Kanamycin Penicillin ~ Polymyxin B Vancomycin

MIC (ug/ml) 0.5 4 8 2 4

62



0.8 7 0.8

| (@) 1 (o) |
0.7 4 0.7 ¢
0.6 - el 1 . i 1
05 -
804 - %
) 7
O 0.3 - R
0.2 - o )
0.1 <
0 2 4 6
Time(hr) Time(hr)
0.8 7 0.8
1 () £ | (d)
07 __b 07 --0
el ! 0.6 - L7 1
g \
A 005 7 ,/, ,/,Z
0804 7 //’% ’I
@) 03 - o
02
01 A & -
0 2 4 6 0 2. 4
Time(hr) Time(hr)

2 Time(hr)

Figure 4-26 Growth curve of hydrogen producing strain GI1512 in different
antibiotics.  (a)Ampicillin,  (b)Penicillin, (c)Kanamycin, (d)Polymyxin B,
(e)Vancomycin. Symbols: (€):32 pg/ml; (l):16 pg/ml; (A):8 pg/ml; (@):4 pg/ml;
():2 pg/ml; ((C):1 pg/ml; (A):0.5 pg/ml; (O):Blank .
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45 Btk

Clostridium sp. GI512 i& {7 16S rDNA E 7|+t $ NCBI 2 FI B I g % AL 5% &t

B > ¥ % 35 7| & 317 Clostridium thermopalmarium (Sohetal., 1991) ¥

Clostridium thermobutyricum (Wiegel etal., 1989) = tk gtk » 40 02 & & B

= 98%HETF a A AR FFR R P AR L A IR A QLR PRRE A RITHR

> ,I;L@ 7 Fr vt g > B2t Table 4-2 -

Table 4-2 Morphological
Clostridium sp. G1512 to other closely related Clostridium

and biochemical

comparison of the

isolate

Clostridium
thermopalmarium

Clostridium
thermobutyricum

Clostridium sp.
Gl512

Reference

Type
Size(pm)

Gram
Spore
Oxygen

Temperature
(’C)

pH

Source

Soh et al., 1990
Straight rods

(wide)0.7-1.0;
(long)2.0-8.0

negative
+
Strictly anaerobic

50 - 60
(55)

6.0-8.2
(6.6)

Palm wine

Wiegel et al., 1989
Straight rods

(wide)0.9-1.1;
(long)2.0-4.5

positive
+
Strictly anaerobic

26 - 61.5
(55)

5.8 9.0
(6.8 -7.1)

Horse manure

This study
rods

(wide)1.25;
(long)4.75

positive
+
Strictly anaerobic

35-65
(55)

6.3-8.8
(7.1)

Lizard feces

Antibiotic susceptibility:

Ampicillin
Kanamycin
Penicillin
Polymyxin B

Vancomycin

X

X
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Carbon source:

Gelatin X X
Glycerol - X
Pyruvate + X
Salicin - X
Starch - -
Sucrose + X
L-arabinose - -

L-rhamnose + -

D-cellobiose + +
D-fructose + +
D-glucose + +
D-lactose - X
D-maltose + +
D-mannitol + X
D-mannose X -
D-melezitose  x X
D-raffinose X -
D-sorbitol X X
D-trehalose X X
D-xylose + +

1. Number in parenthesis indicates optimal growth temperature
2. Number in parenthesis indicates optimal growth pH
3. X, data no show.
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Clostridium sp. GI512 »* & if i 12 7 33 & » g 35 & HAF 109 3 478
TAE % A1 %RE E 2 SR & 55°CpH 5 7T0BURAT 5 50/l § F 4%
1 g/l yeast extract £2 % 75 *c peptone © 53 12 AT AT ERE &5 4D

AP IR B EA AL R B2 R AP o

FRAPFE PN IMEIF U EL AR 22 LEF2iH
cREAY ABE 12 [ FEHEEST T
FUEZPFRAFER LA AE P REBEV AL AR 088

mol/mol glucose - #-#cj 22 Clostridium F /e & S35 5 BpEd d 2

=

JoFT § R de Table 4-33- B s B it A 4 87  § 4% 2 £ (Fig. 4-27 and
4-28) T4k B A X B ER ST S (41) MERET T R RN
WA F M A 7 pt 3t Clostridium thermobutyricum ] #& ( 0.85 mol

butyrate/mol glucose ) (Wiegel et al., 1991 ) -

Table 4-3 Comparison of hydrogen production from glucose by the isolate
GI1512 and other Clostridium sp.

Inoculum Substrate  Maximum hydrogen References
yield(mol/mol)

Clostridium beijerinckii L9  Glucose 2.81 Linetal., 2007
Clostridium sp. Fanp2 Glucose 2.53 Pan et al., 2008
Clostridium acetobutyricum Glucose 2.29 Linetal., 2007
M121

Clostridium acetobutylicum  Glucose 2.0 Chin et al., 2003
Clostridium butyricum Glucose 1.80 Linetal., 2007
ATCC19398

Clostridium tyrobutyricum  Glucose 1.47 Linetal., 2007
FYal02

Clostridium sp. C4 Glucose 1.3 i, 2007
Clostridium acetobutylicum  Glucose 1.08 Zhang et al., 2006
ATCC 824

Clostridium sp. GI512 Glucose 0.88 This study
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CeH;,04 — 0.127CH;COOH + 0.184C;H,COOH + 0.88H, + 2.04C0,  (4-1)
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Figure 4-27 End-products yield of the isolate Clostridium sp. GI512 during
fermentation from glucose.
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Figure 4-28 Cumulative hydrogen and CO, production and content of the
isolate Clostridium sp. G1512 during fermentation from glucose.
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“tékz  Clostridium sp. GI1512 16S rDNA & 7|

( NCBI Accession 1544408 )

GCGGACGGGTGAGTAACACGTGGGCAACCTGCCTTAGTGAGGGGGA
TAGCCTCCCGAAAGGGAGATTAATACCGCATAACATTATTTTATCGCA
TGATAGAATAATCAAAGGAGCAATCCGCACTAAGATGGGCCCGCGGC
GCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGT
AGCCGACCTGAGAGGGTGATCGGCCACATTGGAACTGAGACACGGT
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGG
GAAACCCTGACGCAGCAACGCCGCGTGAGCGATGAAGGTCAGATTC
GGATTGTAAAGCTCTGTCTTTAGGGACGATAATGACGGTACCTAAGG
AGGAAGCCACGGTCTAACTACGTGCCAGCAGCCGCGGTACGACTCTA
TACGTAGGTGGCAAGCGTTGTCCGGATTTACTGGGCGTAAAGACATG
GTATGTAGGCGGATATTTAAGTCAGATGTGAAATTCCCGGGCTTAACC
TGGGCGCTGCATTTGATACTGGATATCTAGAGTGTGGGAGAGGAAAG
CGGCAATTCCTAGTGTAGCGGTGAAATGCGTAGAGATTAGGAAGAAC
ACCAGTGGCGAAGGCGGCTTAATTTTGAGTTTCCTTAACTGCCCCTG
GGATACGTGTTCGTCGCCTCGTACACCAAATTAAGCTTCGTTGCGCTT
CTTGGAATGGATCATGAACTGTAGAGGACTTAATGAGCATTACCTCCT
TCGGGAAGCCCCGTCCTTCTGTCCACCACGTACCAACAGCAGTCGA
GCACAGCACTCTACAACCCAGATTCAGGGCGTTGCTCGCGTTGGGAA
TAGCAATCAACGATGGTAATTCAACTCGTGAGATTGCTCTGACGGCG
CCAATTGCACCTCCTTCCACCCCTACTGCAGTTTAGTAGTACGGGGAA
TACAGATCCCGATGTGTGCACGATGTTACCGGCCATGTTGCTCTACGT
TTGGGCACTCCCCCTCGGTTTGAAGTTTCGGCCAGGGTCAAGCCTAA
CATCCGACTTTGAGCGGATGTACTTCAGCCTCAACGATCATTAGCGCT
TAGTCGTACAGCGCCACTTATGCAAGGGCCCAGAACATGTGTGGCGG
GCAGTGTGGTACTCTCGGCCATTGTGGGCTTCAGGCACT
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